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SPECIFIC  ANTIGEN  PROPERTIES 
0?  KERATOCONJUNCTIVITIS  EPIDEMIC A  INCLUSIONS 

(Testa  Using  the  Inmunofluorescent  Method) 


Orvosi  Hetilap  Dr.  Peter  Geek,  Dr.  Gyorgy  Imre, 

(Medical  V/eekly)  Dr.  Imre  Korchmaros, 

No.  105,  1964,  pages  439-441  Dr.  Istvan  Nasz,  and 

Dr .  Pal  Dan 

Army  Public  Health  and  Epidemiological  Station, 

Budapest  Modi  al  School,  Eye  Clinic  No.  II,  and  Microbiologic¬ 
al  Institute  (Honved  Kozogeszsegng-.-l  es  Jarvanyugyi  Allomas, 
Pudapestl  Orvostudomanyi  Ejyetem,  II.  Szemkllnika  eB  Mikro- 
biologial  Intezet) 


Isolation  of  virus,  serological  tests  and  Independent 
experimental  infections  prove  that  keratoconjunctivitis 
epideralca  (in  the  following:  k.c.e.)  is  caused  by  adenovirus 
type  C  (Jauetz  et  al.  (11),  Mitsui  and  Jaweta  (1C),  Bletti 
and  3runa  (2),  Mitsui  et  al.  (17),  luilligan  et  al.  (23)). 

Other  adenoviruses  can  cause  similar  diseases  (Fowle  et  al. 

(3),  Frozottl  (6),  Huebner  arid  Rowe  ("),  Kohnn  and  Beladi 
(12),  Mitsui  et  al.  (17),  Hoscki  (14),  Maaz  et  al.  (10),  but 
those  may  be  dlf fcrentlatcd  on  the  basis  of  clinical  si -ns. 

This  was  demonstrated  during  the  course  of  the  k.c.e.  epidem¬ 
ic  that  occurred  In  Hungary  in  1  j<’1  -1 3 6 2  (Heladl  ot  al.  (1), 
Masz  ct  al.  (20)).  Nasz  et  al.  (19),  and  'korchmaros  and  Imre 
(loj  reportcc  on  a  triple  laboratory  infection  by  typo  8 
adenovirus;  typical  k.c.e.  formed  on  both  eyes  of  the  infected. 

During  the  acuto  conjunctivitis  phase  of  k.c.e.  char¬ 
acteristic  inclusions  r.,ay  be  seen  in  the  epithelial  cytoplasm 
of  the  conjunctiva  (..’right  (2C),  zur  Medden  (22),  Mautnenoe 
et  al.  (16),  3ie-3ocn-Llan  (25,  26),  Silva  (27),  Lepri  ( 1 5 ) » 
hafmann  (7),  Imro  et  al.  (10),  and  Hocsoi  (21)).  The  rolo- 
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tionship  between  the  k.c.e.  inclusions  and  the  causative 
a~cnt  of  the  disease  has  not  been  established;  it  is  unclear 
whether  they  are  identical  with  agglomerations  of  virus  par¬ 
ticles,  or  whether  they  are  metabolic  products  resulting  from 
interaction  between  the  virus  and  the  host  cell.  In  an  in¬ 
vestigation  of  this  question  we  applied  the  immunofluorescent 
method  described  by  Coona  a. d  Kaplan  (4).  In  a  previous  re¬ 
port  we  described  demonstration  of  k.c.e.  Inclusion  bodies 
by  the  immunofluorescent  method  (Imre,  Korchmaros  and  Geek 
(9)).  Using  convalescent  scrum  we  established  that  the 
k.c.e.  inclusion  bodies  have  an  antigen  character  and  that 
the  corresponding  antibodies  may  be  found  in  the  serum  of 
patients  convalescing  from  k.c.e.  The  object  of  this  work 
consists  of  immunofluorescent  examinations  made  with  lmmuno- 
sera,  produced  in  rabbits,  against  various  adenoviruses. 
Through  these  examinations  we  intended  to  prove  the  specific 
antigen  nature  of  k.c.e.  inclusion  bodies. 


Materials  and  Method 


Collecting  Scrapings!  Scrapings  wore  taken  by  means 
of  a  knife  or  brush  from  the  lower  overlapping  fold  of  the 
conjunctiva  and  from  the  plica  semilunaris  region.  The  smears 
were  dried  at  room  temperature,  and  were  fixed  for  ten  minutes 
with  methylalcohol. 

Virus  Strains  Used  for  Producing  the  Immunoserum : 
Immunosera  were  produced  against  adenovirus  strains  3,  4,  5, 

6,  7,  8,  and  11.  V.'ith  the  exception  of  type  8  the  virus 
strains  used  wore  typo-strains,  provided  by  Dr.  Krech  (Switz¬ 
erland)  and  Dr.  Dreyzin  (Soviet  Union).  The  type  8  strain 
was  isolated  in  the  couroe  of  the  k.c.e.  epidemic  in  Hungary 
during  1961  and  1962  (Nasz  ot  al.  (20)),  and  with  the  use  of 
type  specific  immunoserum  provided  by  Dr.  Huebner  (USA)  it 
was  established  that  it  belonged  to  typo  8.  The  virus  anti¬ 
gen  was  produced  on  Detroit-6  tissue  culture,  and  following 
repeated  freezing  and  thawing  the  cell  remnants  were  separ¬ 
ated  fromtho  virus  suspension  by  centrifuging,  after  which  it 
was  used  for  immunization. 

Immunoserum  Production  :  Immunoserum  was  produced  in 
rabbits  by  intravenous  injection  of  a  total  of  eight  doses 
at  weekly  Intervals  for  a  period  of  four  weeks.  Immunization 
was  begun  with  1  rnillllltor  of  virus  suspension,  and  the 
close  was  increased  by  one-half  milliliter  up  to  a  maximum  of 
throo  milliliters,  which  dose  was  continued.  The  rabbits 
wore  sacrificed  by  draining  the  blood  eight  days  after  the 
last  lnnoculation.  The  immunosera  were  controlled  with 
complement  fixing  and  hemagglutlonatlon  inhibition  tests,  and 


partly  with  neutralisation  teats,  and  then  were  stored  at 
-10  degrees  Centigrade  until  ueed. 

Immunofluorescent  Staining  Method:  The  imraunofluor- 
eaccnt  staining  method  described  by  Coona  and  Kaplan  (4) 
was  utilized.  The  smears  were  stained  indirectly  with  a 
high  titer  rabbit  antiglobulin  produced  in  goats,  which  was 
marked  partly  with  Lissamine-Rhodamine  B-200  fluorochrome 
and  partly  with  fluoresceineisothlocvanate,  according  to  the 
methods of  Chadwick  (3)  and  Riggs  (24).  The  fixed  smears 
first  were  processed  with  unmarked  iramunoserum  in  a  damp 
chamber  for  30  minutes,  and  following,  washing  and  drying 
they  were  brought  into  contact  with  marked  rabbit  antiglob¬ 
ulin  in  a  damp  chamber  for  30  minutes.  This  was  followed  by 
washing  and  drying  again.  The  stained  smears  were  examined 
with  a  Leitz  fluorescence  microscope,  at  250  to  400  magnifi¬ 
cation.  Blue  light  was  used. 


Tabic  1. 


Conjunctival  Scraping 
Positive 

Conjunctival  Scraping, 
Negative 


On  1st- 10th 
Days  of  k.c.o. 

83  (88  /o) 

12  (12  >) 


On  10th- 20th 
Days  of  k.c.e. 

7  (31.8  Z) 

15  (68.2  ,1) 


Vllto 

Scrapings  were  taken  from  the  conjunctiva  of  k.c.e. 
patients  on  122  occasions.  In  20  canes  two  anears  were 
made  at  the  same  time,  and  in  two  cases  cl"ht  smears  wore 
prepared.  Giemsa  stain  was  used  in  staining  122  smoara. 

The  appearance  of  the  inclusions  is  shown  in  Table  1 . 

The  k.c.e.  inclusion  bodies  wero  uniformly  stained 
bluo  by  the  Gicnsa;  they  are  round  or  oval  in  shape,  and 
always  arc  located  in  the  cytoplasm  of  epithelial  cells 
(Figures  1-4).  These  inclusion  bodies  also  wore  found  in 
k.c.e.  canes  caused  by  laboratory  infection  with  type  8  ad¬ 
enovirus  (13,  19).  As  a  control,  20  other  scraping, a  of 
conjunctival  Inflammations  were  examined,  using  Glemoa 
stain,  indue in’  b  from  acute  conjunctivitis  cases,  3  chron¬ 
ic  cor.J>:.,ctlvlt.‘  s,  1  each  from  allergic  conjunctivitis  and 
blcyhar  ; .  o.. jvnet  I  /l tls  an  yslarls,  2  trachomatous  conjunctiva, 
1  pemphigus  conjunctiva,  3  keratitis  hcrpetlca,  and  1  smear 
was  uado  from  healthy  conjunctiva.  Mo  inclusion  bodies 
wore  found  in  any  of  those  20  cases,  including  the  cases 
clinically  considered  to  be  trachoma. 
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GRAPHIC  NOT  REPRODUCIBLE 


Figures  1-3*  K.c.e.  inclusion  bodies  in  conjunctival 
epithelial  cells  (Gietasa  stain). 


GRAPHIC  NOT  REPRODUCIBLE 

Figure  4.  K.c.e.  inclusion  in  cox’neal  epithelial  cell 
(Glcmsa  stain). 


For  the  purpose  of  itrmunof  luorescent  staining  scrap¬ 
ings  were  ta'.ten  on  33  occasions  from  the  conjunctiva  of  28 
K.c.e.  patients.  Tho  course  of  the  disease  was  typical  in 
all  23  cases,  and  typical  Inclusion  bodies  were  found  in 
all  23,  using  the  Gieusa  stained  smears.  In  tho  course  of 
immunofluorcscent  staining  17  smears  wero  made  with  the 
typo  C  adenovirus  immunoocrem.  Sxarjination  under  the  fluor¬ 
escence  microscope  revealed  strongly  fluorescont  formations 
indicating  a  specific  bond  in  the  cytoplasm  of  individual 
epithelial  cells  in  1 5  of  tho  17  smears.  Their  shape,  size, 
location  and  frequency  of  appearance  corresponded  to  those 
of  K.c.e.  inclusion  bodies.  Their  shape  wa3  round  or  oval, 
and  the  border  o”  the  collular  nucleus  generally  appoarod 
concave  in  the  vicinity  of  the  inclusions  (Figures  5  and  6). 
Tho  contour  of  the  bodies  and  tho  coll  nuclei  was  fairly 


•readily  distinguishable,  primarily  because  of  their  auto- 
fluorcsconce.  In  several  cases  colls  containing  shapes  with 
strong  fluorescence  indicatin';  the  specific  bond  were  marked 
off  on  the  3cear  and  later  stained  with  Gletasa.  In  every 
case  typical  inclusion  bodies  were  found  at  the  site  of  the 
strongly  fluorescin'’  formation,  exactly  in  the  same  cell  and 
at  the  sane  point  (Figures  7-0  and  9-10).  In  no  instance 
was  strong  fluoroscence  indicating  specific  bond  found  in 
the  cell  nuclei. 


GRAPHIC  NOT  REPRODUCIBLE 

Figures  5-6.  K.c.e.  inclusion  in  conjunctival  epithelial 
cells  (immunofluorescent  staining,  using  type  8  adenovirus 
iaaunoaorua) . 


L _ j,  •.  J 

GRAPHIC  NOT  REPRODUCIBLE 

Figures  7-0,  and  9-10.  Identical  colla  or  inclusion  bodies 
stained  by  the  ir.aunofluoreocent  method  (with  type  8  adeno¬ 
virus  Irnnunosorum )  and  with  Glemsa  stain. 


As  a  control,  immunosera  produced  with  other  types  of 
adenovirus  wore  used  in  21  case3.  Iumunoserum  of  adenovirus 
types  3,  4,  5,  6,  7,  and  11  was  used  in  staining  throo  smears, 
each,  and  titroe  smears  also  were  made  with  nor.  al  rabbit  serum. 
The  Gicnsa-treatcd  pairs  of  the  smears  in  this  case  also  wore 
...elusion-positive,  however,  lrnmunofluorcscent  staining  was 
negativo  in  all  21  cases.  In  no  instance  was  strong  fluor¬ 
escence  indicating  opocific  bond  found  within  cells  in  the 
control  smears.  In  view  of  tho  fact  that  olght  scrapings, 


each,  were  taken  froa  the  conjunctiva  of  two  patients,  we 
were  able  to  stain  smears  from  the  same  patient  with  immuno- 
sera  of  types  3,  4,  5,  6,  7,  8  and  11  adenovirus,  and  with 
Giemsa  stain.  In  both  series  the  stain  wa3  positive  (typical 
inclusion  bodies  could  be  soen  in  smears  stained  with  Giemsa) 
only  in  the  smear  treated  with  the  type  8  adenovirus  lmmuno- 
serun.  As  a  control  five  Graears  made  of  other  conjunctival 
inflammations  also  were  stained  with  type  8  adenovirus  immuno- 
serum.  l.'o  specific  staining  was  found  in  these  control  cases. 


Conclusions 


In  the  course  of  the  k.c.e.  epidemic  in  Hungary  in 
1961-1962  characteristic  inclusion  bodies  were  found  in  88 
percent  of  conjunctival  scrapings  taken  from  first  to  tenth 
day  patients.  The  k.c.e.  inclusion  bodies  may  be  well  dis¬ 
tinguished  from  trachoma  inclusions,  and  cannot  be  found  in 
other  conjunctival  Inflammations,  either.  Because  of  this 
examination  of  conjunctival  scrapings  may  be  well  used  for 
the  purpose  of  differential  diagnosis.  Through  immunofluor¬ 
escence  tests  it  was  established  that  specific  staining  may 
bo  observed  in  the  cytoplasm  of  individual  epithelial  cells 
in  smears  deriving  from  the  conjunctiva  of  k.o.e.  patients  , 
which  had  been  treated  with  typo  8  adenovirus  immunoserum. 

These  formations  were  strongly  fluorescent,  indicating  that 
an  antigen-antibody  bond  had  been  formed  at  the  site.  Their 
Identity  with  k.c.e.  inclusions  is  proved  by  the  following: 

(1)  The  smears  were  derivod  from  the  conjunctiva  of  patients 
with  typical  k.c.e.,  and  characteristic  inclusion  bodies  were 
found  in  their  paired  slides  that  had  been  stained  with  Giemsa. 

(2)  The  shape,  3lze,  location,  and  frequency  of  occurrence 
corresponded  to  those  of  k.c.e.  inclusion  bodies.  (3)  When 
colls  containing  fluorescing  formations  wore  marked  on  the 
slide  and  the  smear  va3  stained  with  Giemsa,  typical  inclu¬ 
sion  bodies  became  visible  at  the  exact  same  points  of  the 
same  coll3,  at  the  site  of  the  fluorescing  formation.  (4) 

The  lmmunofluorescent  staining  of  inclusion  negative  scrap¬ 
ings  also  was  negative. 

Other  typo3  of  adenoviruses  also  have  been  cultured 
from  k.c.e.  or  clinically  similar  cases,  in  addition  to 
typo  C  adenovirus  (types  5,  6,  8,  11,  1 b,  and  10).  In  con¬ 
formance  'with  this,  in  the  examination  of  the  antigen  spe¬ 
cificity  of  the  inclusion  bodies  it  appeared  of  interest  to 
conduct  control  tests  with  typos  3,  4,  5,  6,  7,  and  11  adono- 
virus  i  :.v,unoscr...  All  tho  teats  performed  with  the  control 
sera  wore  negative;  tho  inclusion  bodies  wore  not  stained 
in  tho  cases  of  troatmont  with  hotoi’ologous  iomunosera.  The 
extraordinary  sensitivity  of  tho  lmmunofluorescent  staining 
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method  is  indicated  oy  tnc  iact,  tn...t  on±y  tno  inclusion  bodies 
or  smears  treated  with  type  G  adenovirus  inmunoserum  fluoresced. 
The  above  proves  the  similarity  of  the  antigen  properties  of 
the  inclusion  bodies  to  the  antigen  struction  of  type  8  adeno¬ 
virus,  and  indicates  that  the  inclusions  in  part  or  entirely 
contain  pathogenic  virus  particles  in  addition  to  the  pre¬ 
sence  of  any  possible  metabolic  products.  This  agrees  with 
tho  observation  that  inclusion  bodies  rarely  may  bo  found  in 
scrapings  taken  after  tho  tenth  day  ox’  k.c.o.  Small  acldo- 
phylic  granules  occasionally  may  be  observed  surrounding  the 
Inclusion  bodies.  Fluorescenco  corresponding  to  these  forma¬ 
tions  vras  not  found  in  any  of  the  smears,  and  thus  we  cannot 
substantiate  the  concept  of  Sie-3oen-Lian  (26),  to  the  effect 
that  these  granules  are  elementary  pathogenic  bodies.  Accord¬ 
ing  to  the  foregoing  the  lmnunofluorcscent  procedure  enables 
early  and  rapid  identification  of  the  pathogen  at  the  begin¬ 
ning  of  k.c.e.  epidemics,  or  in  the  Initial  phase  of  the  di¬ 
sease. 


Summary:  A  keratoconjunctivitis  enidcmlc  occurred  in 
Hungary  in  1961-1962.  Characteristic  inclusion  bodies  were 
found  in  the  epithelial  cytoplasm  of  8G  percent  of  the  scrap¬ 
ings  taken  during  the  acute  phase  of  the  disease.  Through 
immunofluore3cent  tests  it  vras  established  that  these  inclu¬ 
sion  bodies  have  specific  antigen  properties  which  conform 
to  the  antlgenifl  nature  of  type  8  adenovirus, which  may  be 
considered  as  the  main  pathogenic  agent  in  this  epidemic. 
According  to  this  the  inclusions  of  keratoconjunctivitis  ep¬ 
idemic  partly  or  entirely  contain  the  pathogenic  virus  par¬ 
ticles. 
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